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A B ST R A C T

Changes in the benthic fauna o f  the near-shore zone were examined before 
and after a beach replenishment project on the central Florida east coast. 
Results indicated that the near-shore sand beach community is relatively 
species rich, although abundance is dominated by only two species o f  
bivalves, the coquina clams Donax variabilis and Donax parvula. Strong 
gradients o f  increased species richness and abundance were found, with 
values increasing at the more seaward sites fo r both control and nourishment 
locations. This distributional pattern was unchanged by beach nourishment. 
Comparison o f  mean number o f  individuals per core across dates and among 
transects (  two-way analysis o f  variance) showed no indication o f  significant 
negative effects o f  beach nourishment. Similar analysis fo r  mean number o f  
species per core also failed to show significant negative effects. Negative 
biological effects o f  beach nourishment may have been minimized in the 
present case due to a seasonal offshore movement o f  the dominant coquina 
clams. The close match o f mean fill grain size to ambient grain size and an 
apparent lack o f  substantial fill movement into the biologically more diverse 
offshore areas may also have diminished biological damage.

IN T R O D U C T IO N

M any o f the beaches along the east coast o f F lorida are classified as eroded 
(Campbell et al., 1980). O f the m any techniques designed to  counteract
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shoreline erosion, beach nourishm ent, the process o f adding sand to 
beaches, has emerged as a comm on m ethod because the final result is a wide 
beach which is aesthetic and because the procedure does not interfere with 
natural, physical beach processes (W alton, 1977).

Prom pted in part by concern over the biological effects o f beach 
nourishm ent, general knowledge o f the benthic comm unities o f the 
nearshore zone o f sand beaches is increasing (Dexter, 1969, 1972, 1979; 
Reidi & M cM ahan, 1974; Saloman, 1976; M atta, 1977; M cLachlan, 1977; 
Saloman & N aughton, 1978; Spring, 1981; Leber, 1982a, 1982b; K nott et 
al., 1983; M cLachlan & Erasmus, 1983). However, relatively few studies are 
available which effectively detail the biological consequences o f deposition 
and redistribution o f large volumes o f sand in the nearshore zone. O f 
studies o f beach nourishm ent effects (Courtenay et al., 1974; Parr et al., 
1978; M arsh et al., 1980; Culter & M ahadevan, 1982; Saloman et a i, 1982; 
Reilly & Bellis, 1983), only those o f Parr et al. (1978) and Reilly & Bellis 
(1983) provide inform ation on the short-term  effects o f beach nourishm ent 
on benthic assemblages based on com parisons o f comm unities before and 
after disturbance.

As a result o f severe erosion which threatened seaside structures along 
the beaches o f the towns o f Indialantic and M elbourne Beach, Florida, a 
beach nourishm ent project was carried out between Novem ber 1980 and 
February 1981 (Gorzelany, 1983). D uring the project, an estim ated 413000 
cubic meters o f sand was trucked from an on-land dredge spoil site located 
at Port Canaveral, Florida and dum ped and graded along a 3-4 km stretch 
o f beach (Stauble et al., 1983).

In this report, we quantify the benthic fauna present intertidally and 
subtidally along this stretch o f beach preceding and following nourishm ent 
activities. Changes which took place in the benthic fauna over the 
approxim ately one year period following the initiation o f the nourishm ent 
project are evaluated in an attem pt to distinguish between natural 
variability and effects attributable to the beach nourishm ent.

M ATERIALS A N D  M ETH O D S

The nourishm ent project was carried out on a 3*4 km section o f beach 
located in the towns o f Indialantic and M elbourne Beach, Brevard County, 
Florida (Fig. 1). This high-energy beach (Tanner, 1960) is a part o f the 
barrier island system along the Florida east coast. Intertidal grain size was 
1-7 diam eter with a m oderate sorting o f 0-74 diameter. Subtidal mean grain 
size was 2-75 diam eter with a m oderate sorting o f 0-86 diameter. Details of 
the geological aspects o f this beach system have been described by Stauble 
et al. (1983).
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Fig. 1. Location of the sample transects at Indialantic and Melbourne Beach, FL. 
Transects R126, R129 and R132 were in the beach nourishment area, transect R 117 served 
as the north control, and transect R140 served as the south control. Numbers correspond to 
Florida Department o f N atural Resources coastal construction control line benchmarks.

A total o f five transects was established in the study area. All transects 
were located at fixed points corresponding to Florida D epartm ent o f 
N atural Resources coastal construction control line benchmarks. Three 
transects (R126, R129, R132; Fig. 1) were established within the area o f the 
nourishm ent project. Two additional transects were established one mile 
north (R119) and one mile south (R140) o f the limits o f the beach 
nourishm ent area as controls. Each transect was aligned with the 
corresponding geological benchmark and extended perpendicular to the 
beach.

Biological samples were taken five times. The first set o f samples was 
taken approxim ately one week before the project was initiated (October,
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1980) and the second set was taken immediately upon completion o f the 
project (February, 1981). Subsequent sampling took place at approximately 
quarterly intervals (May, July, November; 1981) for a total sampling period 
following nourishm ent o f one year.

The sampling gear used consisted o f a hand-held PVC pipe corer fitted 
with a 0-5 mm mesh screen at the upper end so that the core could be 
inverted. A metal cover placed over the open m outh o f the core as it was 
removed from the bottom  prevented m aterial from washing out the m outh 
o f the inverted core. Cores taken were 20*22 cm in diameter, 10 cm deep, 
with a volume of approxim ately 3243 cm 3.

Sampling was initiated by extending a 121*9 m polypropylene transect 
rope perpendicular to the beach. The line was m arked off at 30*5 m intervals 
and was secured by a metal stake at the high tide line and by two anchors at 
the seaward end.

Three replicate core samples were taken at the high tide line (designated 
0 m), and at 30*5 m, 61m , 91*4 m and 121*9 m from high tide along the 
transect. The latter three sites were sub-tidal at all transects in depths 
from 1 to 3 m. The 30*5 m sites at all transects correspond to a tidal 
height o f approxim ately 0*2 m above N G V D  (National Geodetic Vertical 
D atum  =  M ean Sea Level 1929). The 0 m sites show most variation due to 
seasonal changes in beach profile and the results o f the sand addition to the 
beaches. Tidal heights were in the approxim ate range o f 1*8 to 3*3 m above 
NGVD. Stauble et al. (1983) provided beach profiles for each sampling date 
at each sample location.

Samples were sieved in the surf using 0*5 mm Nitex'*’ screens and fixed in 
a 7% Form alin-seaw ater solution. Following fixation, samples were re­
sieved in the laboratory on a 0*6 mm sieve and the material retained was 
stained in a rose bengal-ethanol solution. All organisms were then hand 
sorted from the sediment and preserved in 70% ethanol for later 
enum eration and identification to the lowest taxonom ic level possible.

In the discussion o f the results, the term ‘transect’ refers to the five 
transect locations along (he beach nourishm ent project (R 117, R126, R129, 
R132, R140). The term ‘sites’ is used to denote the five sample sites along a 
given transect (0, 30*5, 61, 91*4, 121*9 m). The term ‘dates’ refers to the five 
separate sampling dates.

Statistical analysis o f the data consisted o f the use o f two-way (Model I) 
analysis o f variance (ANOVA) to compare the data am ong locations and 
dates. Since it is well known that there are clear differences in faunal 
com position at different tidal heights (reviewed by M cLachlan, 1983), a 
two-way ANOVA was carried out for each site separately. Two-way 
ANOVA was carried out for both num ber o f individuals and num ber of 
species. Tests o f homogeneity of variances (F-max test) indicated some
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variances to be heterogeneous. All data were square root transform ed 
which removed this heterogeneity.

RESULTS

Community composition

D uring this study 375 benthic cores were analysed. Total num ber of 
individuals for each species at each transect are given in Table 1. The surf 
zone animal comm unity in this study is species rich (at least 99 taxa), but is 
dom inated in numerical abundance by a few species and taxonom ic groups. 
By far the most numerically dom inant group consisted o f small individuals, 
presum ably juveniles, o f the two coquina clams D onax parvula  and D onax  
variabilis. Small individuals (< 5 m m ) o f these two species could not be 
separated during species identification. W hen this juvenile group is 
combined with the adults, D onax  represents 60%  o f the total individuals 
collected. Second in overall abundance was the polychaete Haploscoloplos 
frag ilis  which made up only 7% o f total abundance. Two amphipods, 
Parahaustorius longimerus and Bathyporeia parkeri, were the third and 
fourth ranked in terms o f total abundance. O ther groups were represented 
by more than 1000 organisms (3% o f total abundance) included the 
polychaete Paraonis fu lg en s  and several unseparated  species o f 
Turbellaria. The mole crab Em erita talpoida , although abundant in a 
narrow  band o f the intertidal zone, ranked only 10th and constituted barely 
2%  of total abundance.

The total num bers o f individuals and species found on each sampling 
date a t each transect are shown in Table 2. The five transect locations 
showed differences in density on any given sampling date, but generally 
were very similar in the total num ber o f species recorded.

The results o f two-way ANOVA for com paring mean numbers of 
individuals per core across dates and am ong transects are given in Table 3. 
At the 0 m site, only the comparison am ong dates was significant. At the 
61 m site, the com parison among transects was not significant, while both 
the dates and interaction teems were significant. F or the o ther three sites 
(30-5, 91-4, 121-9 m), the dates, transects and interaction terms were all 
significant.

The presence o f significant interaction terms at four o f five sites means 
that the com parisons o f means for the main effects should not be made. 
To assist in interpretation of the interaction terms, mean num ber of 
individuals per core is plotted versus time for each transect at each site in 
Fig. 2 (Underwood, 1981). Inspection o f Fig. 2 can indicate the source o f the
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TABLE 1
Total Numbers of Individuals for Each Species at Each Transect in the Study Area

Taxon Transect

117 126 129 132 140 Total Rank

C N ID A R IA
unidentified sp. 0 0 1 0 0 1 78

T U R B E L L A R IA
unidentified spp. 29! 77 354 331 13 1066 6

A N T H O Z O A
Renilla reniformes 1 0 2 0 0 3 58

N E M A T O D A
unidentified sp. 7 35 19 13 7 81 21

N E M E R T IN A
unidentified spp. 203 224 113 71 107 718 9

C H A E T O G N A T H A  
unidentified sp. 0 21 4 8 2 35 32

S IP U N C U L A
unidentified sp. 0 1 0 0 0 1 78

A R C H IA N N E L ID A  
unidentified sp. 38 2 0 39 0 79 23

O L IG O C H A E T A
unidentified spp. 50 10 13 113 15 201 14

PO LY C H A E TA  
A rabellidae 

unidentified sp. 2 2 2 0 3 9 48
G oniad idae

Glycinde solitaria 3 4 6 6 4 23 39
O rbiniidae

Leitoscoloplos fragilis 372 341 507 312 743 2275 2
H esionidae 

unidentified sp. 1 0 0 0 0 1 78
N ephytydae 

Interm onephtys  sp. 0 0 1 2 1 4 54
L um brineridae 

Lumbrineris tetraura 5 6 11 5 6 33 34
M agelonidae 

M agelona papillicornis 106 95 77 70 50 398 11
N ereidae

Neanthes succinea 3 0 1 0 0 4 54
O nuphidae

Onuphus eremita 22 33 17 28 57 157 18
O w eniidae 

Owenia sp. 17 11 9 13 16 66 26
Paraon idae 

unidentified sp. 294 322 165 228 261 1 270 5
Sabellaridae

Phragmatopoma  sp. 1 0 2 0 0 3 58
Phyllodocidae 

unidentified sp. 0 0 0 0 2 2 64
Pisionidae 

Pisione sp. 2 0 3 6 1 12 45



Effects o f  beach replenishment on benthos o f  a sub-tropical beach 81

TABLE 1— contd.

Taxon Transect

117 126 129 132 140 Total Rank

PO L Y C H A E T A
Spionidae

Spiophones bom byx  1
unidentified sp. 1

Pectinaridae 
Pectinaria gouldii 1

Syllidae
unidentified sp. I

G A S T R O P O D A
Olivella m utica  15
Polinices duplicatus 0
Terebra cinerea 0
Terebra dislocata  8

BIVALVIA
Anadara transversa  1
Corbula contracta  0
Crassinella lunulata 0
Crepidula forn ica ta  0
D onax parvula  90
D onax variabilis 91
D onax  juveniles 2 574
Dosinia elegans 1
Sphenia antillensis 1
Tellina iris 9

C O PE PO D A  
C yclopoida

unidentified sp. 2
H arpactico ida 

unidentified sp. 0
P Y C N O G O N ID A

unidentified sp. 1
ISO PO D A

Ancinus depressus 1
Apanthura magnifica  0
Califanthura  sp. 0
Chirodotea coeca 10
ExocoraUana subtilis 4
Ptilanthura tricarina 0
Tylos la ird ii 7

D E C A PO D A
Arenaeus cribrarius 0
Emerita talpoida 190
Ogyrides alphaerostris 10
Pagurus longicarpus I
Pinnixa cristata  0
Lucifer sp. 0

D ecapod juveniles 1

0 1 0 0 2 64
0 0 0 0 I 78

0 0 0 0 1 78

I 0 0 0 2 64

26 19 14 4 78 24
1 2 0 0 3 58
0 0 0 2 2 64
7 9 5 14 43 30

0 0 0 0 1 78
1 1 0 0 2 64
0 1 0 0 1 78
0 0 0 1 1 78

112 322 178 169 871 7
71 40 51 65 318 12

2 827 5070 3962 2 802 17235 1
0 0 0 0 1 78
0 0 0 0 1 78

15 2 9 24 59 28

8 3 3 2 18 43

1 2 1 0 4 54

0 0 0 0 1 78

0 I 1 2 5 51
3 0 0 0 3 58
0 1 0 0 1 78

18 16 29 12 85 20
2 0 1 5 12 45
0 1 0 0 1 78
1 0 9 7 24 38

0 1 0 0 1 78
51 61 297 100 699 10
15 17 16 23 81 21
0 0 0 1 2 64
1 0 0 0 1 78
1 1 1 0 3 58
8 3 13 3 28 35

( continued)
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TABLE 1—contd.

Taxon Transect

117 126 129 132 140 Total Rank

C U M A C E A
Cyclaspis varians 11
O xyurostylis sm ithi 3

M Y SID A C E A
Bowmaniella  sp. 52
M etam ysidopsis sw ifti 74

M ysid juveniles 3
A M P H IP O D A

Acanthohaustorius millsi 17
Ampelisca shellenbergi 1
A ty lus urocarinatus 0
Bathyporeia parkeri 410
Caprella penantis 5
Corophium  sp. 0
Elasmopus pocillimanus 2
Ericthonius brasiliensis 0
Gammarus mucronatus 0
G ammaropsis sp. 0
Gitanopsis tortugae 0
Haustorius canadensis 6
Jassa falcata  0
Letrigonius bengalensis 0
M  e ¡harpinia floridana  14
M icroprotopus shoemakeri 19
Parahaustorius longimerus 429
Parhyale fascigera  0
Parhyale hawaiiensis 0
Parhyalella whelpleyi 0
Eudevenopus honduranus 161
Podocerus brasiliensis 1
Pontogeneia longleyi 0
Protohaustorius deichmannae 13
Protohaustorius wigleyi 2
Rhepoxynius epistomus 30
Stenothoe  sp. 2
Synchelidium americanum  3
Tabatzius muelleri 0

E C H IN O D E R M A T A
M ellita  sp. 6

H olo thuro idea juveniles 0
O phiuro idea juveniles 2

C H O R D A T A
Branchiostoma sp. 6
Sym phurus pelicanus 0

5 26 11 21 74 25
4 5 9 4 25 36

34 27 23 28 164 17
49 89 50 42 304 13

1 1 1 5 11 47

35 44 41 37 174 16
0 0 0 0 1 78
3 6 0 11 20 42

226 440 325 240 1 641 4
13 1 0 2 21 40
0 2 0 0 2 64
2 0 0 1 5 51
1 0 0 0 1 78
0 0 1 0 I 78
6 0 0 1 7 50
1 0 0 0 1 78

13 13 16 13 61 27
1 0 0 1 2 64
0 0 0 1 1 78
4 12 9 15 54 29

20 124 3 29 195 15
436 264 438 293 1869 3

2 0 0 0 2 64
2 0 0 0 2 64
0 0 0 2 2 64

160 155 94 272 842 8
3 0 0 1 5 51
1 1 0 6 8 49
9 9 6 4 41 31
5 2 7 0 16 44

31 19 38 27 145 19
1 0 0 0 3 58
6 8 3 1 21 40
1 0 0 0 1 78

9 4 6 0 25 36
1 0 0 1 2 65
2 0 0 0 4 54

6 10 7 5 34 33
I 0 0 0 1 78
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TABLE 2
Total Numbers o f Individuals and Species for Each Transect in the Study Area. (Asterisks

indicate control transects)

Transect Sampling period

¡0/80 02/81 05/81 07/81 11/81

indiv. spp. indiv. spp. indiv. spp. indiv. spp. indiv. spp.

117* 1805 32 843 30 1061 40 1 550 40 401 26
126 1078 24 371 27 1 317 40 1 600 33 921 45
129 2 349 29 607 31 1 373 37 3 394 48 840 20
132 2033 29 422 18 1 384 37 2187 39 905 28

£ o # 1 130 31 379 19 2 398 40 891 38 886 29

Total number of taxa at all transects —99.
Total number of individuals at all transects—32 125.

TABLE 3
Results of Two-way Analysis of Variance for Number of Individuals 
for Each Sample Site Considered Separately. All data were square 

root transformed, (n.s. = not significant)

0 m

30-5 m

61 m

91-4 m

121 -9 m

Site Factor F ratio Significance

Dates 5 39 p < 001
Transects 1-47 n.s.
Interaction 1-73 n.s.

Dates 22 19 p < 0-001
Transects 2 61 p < 0-050
Interaction 4-54 p<  0 001

Dates 22 21 p<  0-001
Transects 210 n.s.
Interaction 3 65 p<  0-001

Dates 39 19 /? <  0-001
Transects 7-53 p<  0-001
Interaction 2-64 p < 0-01

Dates 25-85 p < 0"001
Transects 3-29 p < 0-05
Interaction 2-76 /? < 0-01
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Fig. 2. Comparison of mean number of individuals per core for each transect over the 
period of the study. Data for each site are presented separately to assist in interpretation of 
the significant interaction terms from analysis of variance (Table 3). The broken line 
indicates the period of beach nourishment. All data are square root transformed

values.
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significant interaction term. At the 30-5 m site, north  control transect 117 
shows an increase in abundance in February  while the other four transects 
show a decrease, while in July, 117 shows no increase as com pared with 
increases at the other four transects. Similarly, at the 61m  site, south 
control transect 140 shows an increase in February while the o ther four 
transects show decreases. Again in July, two transects (126, 132) show 
decreases while the other three (117, 129, 140) show increases.

At 91 -4 m, all transects show decreases following nourishm ent, while in 
the July sample, transect 132 shows a greater increase than other transects. 
In the final sample at this site, transect 129 increases slightly while the other 
four transects decrease.

F or site 121-9 m, transect 126 shows a slight increase in the February 
sample while the other four transects show decreases. Again in July and 
November, the direction o f change for transect 126 is opposite that for the 
o ther four transects.

Based on Fig. 2, the significant interactions between data  and transect do 
not appear to be indicative o f significant negative effects o f beach 
nourishm ent. As indicated above, a difference in the direction o f change in 
abundance o f a single transect at a single date appears to have been 
sufficient to generate the significant interaction term. At the offshore sites 
(61, 91 *4, 121 -9 m), there was no indication that the group o f nourishment 
transects possessed lower abundances on any sampling data than did the 
group o f control transects (Fig. 2). Only at the 30-5 m site immediately after 
dredging was abundance at one control transect (117) significantly greater 
than the three nourishm ent transects (S tudent-N ew m an-K euls test, p < 
0 05). W hether this difference is actually related to nourishm ent is unclear 
since, by the following May, the opposite relationship had occurred (Fig. 2).

The results o f two-way ANOVAs com paring the mean num ber o f species 
per core across dates and am ong transects are given in Table 4. The 
com parison am ong transects was not significant at any site. The 
com parison am ong dates was significant for the 0 m and 30-5 m sites. Both 
the com parison am ong dates and the interaction term were significant at 
the 61, 91-4 and 121-9 m sites.

The interpretation o f the interaction term s is indicated by Fig. 3. At the 
61 m site, one o f the nourishm ent transects (129) showed an increase in 
mean num ber o f species in February, while the other four transects showed 
decreases. At the same site, transect (126) showed a decrease in the May 
samples while the other transects either showed little change (129) or 
increases (117, 132, 140). For the 91-4 and 121-9m sites, transects showed 
opposite directions o f change in the mean num ber o f species during all 
sample dates. None o f the patterns o f change in num ber o f species shown in 
Fig. 3 are consistent with the change having resulted from a negative effect
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TABLE 4
Results of Two-way Analysis o f Variance for Number of Species for 
Each Sample Site Considered Separately. All data were square root 

transformed, (n.s. =  not significant)

Site Factor F ratio Significance

0m
Dates 1117 p<  0-001
Transects 0-40 n.s.
Interaction 1*23 n.s.

30-5 m
Dates 15*43 p <  0-001
Transects 0-73 n.s.
Interaction 1-83 n.s.

61 m
Dates 11 50 p < 0 001
Transects 113 n.s.
Interaction 3-49 p <  O'OOl

91-4 m
Dates 16-54 p<  0-001
Transects 1-74 n.s.
Interaction 3-33 p < 0-01

121 -9 m
Dates 23-47 p < 0-001
Transects Í 19 n.s.
Interaction 2 16 p <  0-050

of beach nourishm ent. Fig. 3 shows the mean num ber o f species for control 
and nourishm ent transects to be interspersed in their ranks at all sites.

The presence o f a significant seasonal com ponent o f density variation 
was indicated at the Om site (Table 3, Fig. 2). Figure 2 suggests that there is 
a similar seasonal com ponent at the remaining sites as well, despite the 
significant interaction term (Table 3). Abundances on most transects at 
these sites showed the same general pattern o f decrease in the winter, 
increases in late spring and summer, and decreases again in the fall. These 
changes are visually deemphasized in Fig. 2 due to the square root 
transform ation o f the data.

Similarly, there was a significant seasonal com ponent of variation in 
num ber o f species at the 0 and 30-5 m sites (Table 4, Fig. 3). Seasonal 
changes at the other sites are suggested by the highly significant F  values 
(Table 4), but are not clearly shown in Fig. 3. The pattern  o f seasonality is 
m ore clearly shown for both density and num ber o f species in Fig. 4, which 
com pares untransform ed data for the nourishm ent and control locations
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Fig. 3. Comparison of mean number of species per core for each transect over the 
period of the study. Data for each site are presented separately to assist in interpretation of 
the significant interaction terms from analysis of variance (Table 4). The broken line 
indicates the period of beach nourishment. All data are square root transformed values.
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Fig. 4. Comparisons of (a) mean number of individuals and (A) mean number of species per 
core between nourishment locations and control locations for samples pooled across all sites

during the study period.

for samples pooled across all sites. Density and num ber o f species were 
lowest in the winter, increased to a summer maximum and decreased again 
in the fall samples. Both nourishm ent area and control area samples 
showed qualitatively similar patterns.

Figure 5 shows the comparison o f mean total num ber o f individuals per 
core versus site for both the nourishm ent and control sampling locations
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Fig. 5. Comparison of mean total number of individuals per core between nourishment 
and control locations at sites from high tide to 121-9 m.
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Fig. 7. Comparison of mean number of species per core between nourishment and control 
locations at sites from high tide to 121-9 m.
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(samples pooled across all dates). Both groups o f locations show large 
increases in density with distance from shore with a peak in average 
organism  density at the 61 m site. A breakdown of mean num ber o f 
individuals per core versus distance from shore into various m ajor 
taxonom ic groupings indicates that the peak in density at 61 m from the 
high tide line is alm ost entirely due to the bivalves (Fig. 6). The largest 
com ponent o f the bivalve abundance at this site was composed o f juveniles 
o f the two Donax species. Figure 7 indicates that there was a steady increase 
in num ber o f species found with increasing distance from the high tide line.

DISCUSSION

The data collected in this study show little evidence that the nourishm ent o f 
beaches in Indialantic and M elbourne Beach, Florida, had any significant 
negative impact on the benthic fauna o f the near-shore zone. Com parisons 
o f locations receiving nourishment sand with those serving as controls 
rarely showed any significant difference between these two treatm ents, 
either for the total abundance or total num ber o f species present.

Factors relating to the distance from the high tide line appear to have a 
much stronger effect on average abundance and num ber o f species than did 
the process o f beach nourishment. The steady trend o f increasing num ber 
o f species with increasing distance from shore was unaffected by beach 
nourishm ent. Similarly, the pattern shown for abundance, which showed a 
peak at the 61 m site, was not altered by beach nourishment.

Seasonal patterns of mean number o f individuals and num ber o f species 
showed virtually identical patterns for both nourishm ent and control 
locations. The pattern o f a winter minimum and a summer maximum in 
abundance is typical for organisms in the surf-zone habitat o f the southeast 
coast o f the US (Spring, 1981; M atta, 1977; Reilly & Bellis, 1983; Leber, 
1982b).

The possibility should be considered that the lack o f differences observed 
between control and nourishment locations might be due to the controls 
having been similarly affected by the nourishm ent activities. Beach profile 
sampling (Stauble et al., 1983) revealed that substantial quantities of 
nourishm ent sand were moved into the south control site (R140) during the 
year following beach nourishment. No evidence o f any movement of 
nourishm ent sand into the north control site (R 117) was seen at any time. 
However, com parisons of the single north control with the other four 
transects (Figs 2, 3) do not show any consistent pattern of decreases at the 
nourishm ent locations and south control versus the north control location.

The lack o f detectable, negative effects o f beach nourishm ent on the 
benthic fauna in this study may be due to several factors. Previous work at
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M elbourne Beach (Spring, 1981) indicates that the dom inant D onax  species 
tend to move offshore in the winter and thus would tend to be located 
beyond the zone receiving sand. Leber (1982a) has also indicated that 
D onax parvula  moves away from the beach in the fall although, at the site 
in N orth  Carolina studied by Leber, D onax variablis did not do so. 
Geological da ta  (Stauble et al., 1983) collected during the same time frame 
as the present biological study, showed that there was little shift in mean 
grain size or sediment sorting at the offshore (61 to 121-9 m) sample sites. 
Since mean grain size and sorting o f nourishm ent sand differed from native 
sand (Stabule et al., 1983), this suggests that significant quantities of 
nourishm ent sand were not moving into the offshore region. The offshore 
sites tend to have higher abundances and species diversity than the inshore 
sites so that the bulk o f the animals in the near-shore zone would be largely 
unaffected by nourishm ent sand. Such offshore gradients in abundance and 
diversity are typical o f su rf zone areas (Spring, 1981; M atta, 1977; Salomon, 
1975).

A nother factor minimizing nourishm ent impact m ay have been the 
nature o f the sand added to the system. The mean grain size o f the 
nourishm ent sand was somewhat coarser (1*31 diam eter vs. 1-7 diameter, 
Stauble et al., 1983) than the ambient mean grain size. The nourishm ent 
sand was also more poorly sorted (Stauble et al., 1983). There was a very 
rapid loss o f fine m aterial and complete readjustm ent o f sediment 
characteristics o f the foreshore occurred in 9 m onths (Stauble et al., 1983). 
Since the nourishm ent m aterial was trucked in from an on-land spoil pile, it 
is likely that levels o f possibly toxic hydrogen sulfide in the sand were low. 
Because the D onax  had moved offshore in winter, the prim ary m acrofaunal 
species rem aining at the inshore (30-5 m) site would be the mole crab 
Em erita talpoida. Hayden & Dolan (1974) have shown that in a case o f 
beach nourishm ent where sand came from an on-land spoil site and 
sediment mean grain size was a reasonable m atch to am bient grain size, E. 
talpoida  was little affected by beach nourishm ent although the project 
consisted o f nearly 1 million m 3 o f fill sand. Hayden & D olan (1974) 
indicated that the lack o f m ortality was because this species is very mobile 
and the animals simply moved away from the area of immediate disturbance 
and rapidly returned after the actual sediment deposition had ceased in a 
local area. In contrast, in a beach nourishm ent project where the 
nourishm ent sand was pumped directly from an estuarine area and 
contained large am ounts o f clay materials and hydrogen sulfide, Em erita  as 
well as D onax  and other animals disappeared from the beach (Reilly & 
Bellis, 1983). Loss o f organisms occurred both onshore and possibly 
offshore as well, since adults failed to move onshore in the spring (Reilly & 
Bellis, 1983). Additionally, pelagic larval recruitment was inhibited and
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initial colonization by E. talpoida on the nourished beach was delayed by 
one month. The comparison o f these results with those described by 
Hayden & Dolan (1974) and those found in the present study suggested 
that poor grain size match and possibly hydrogen sulfide release may be 
factors o f importance in determining the impact o f a given beach 
nourishm ent project on the benthic fauna.
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